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(54) STRAND DISPLACEMENT AMPLIFICATION 

(57)Abstract: 

PURPOSE: To carry out a strand displacement amplification by reacting a predetermined 
reaction mixture with a single strand fragment, 

CONSTITUTION: A nucleic acid containing a target sequence is isolated from a sample and 
heat-treated to give a single strand fragment (A). Then, an excessive amount of at least 
monosubstituted deoxynucieoside triphosphate is mixed with a DNA polymerase deficient in 5 7 
—* 3' exonuclease activity, plural primers complementary to the single strand of the target 
sequence and having a recognition sequence at 5' end and an endonuciease capable of cleaving 
the recognition sequence in the primers to give a reaction mixture (B). Then, a fixed sample is 
mixed with the components A and B and reacted for a time sufficient to form the reaction 
product to amplify the subject nucleic acid sequence in the sample such as a human derived 
biological material, 
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[0 0 3 8] KT©«I18* *n&<DBMBffi*5J:tf 

20 /c&OT&So 
* [0 0 3 9] 

3' ) jjjfc^jjjcd NT P 



d A T P (oc S ) 
dGTP (oc S ) 
TIP (oc s ) 
d CTP (ocS) 
d CTP 
d A T P 
dGTP 
d C T P 



(«=S) 
(ocS) 

(ocS) 
(ocS) 



C T G G 
5 

TG G 
6 



P f ! M i 



H p h I 



A I w I 



F o k I 



C C A G G T T T T G G 
GGTGAGGATCGTTT 

mm*^ : 1 9 

GG ATCGTTTTT 

mm^ : 2 o 

GG ATGGC AT 

GTCTTTTGGG 



TTP (ocS) 

d C T P (oc s ) 

T T P (oc S ) 
TTP (ocS) 
d A TP (ocS) 

TTP (oc s ) 
d C T P (oc S ) 
d C T P 
d G T P 
d C T P 



(ocS) 
(ocS) 
(ocS) 



d ATP (oc s ) 



d ATP (ocs) 



d CTP (ocs) 



(8) 
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E3»J»5 : 2 i 
A c c I GTAGAC 
A c c I GTAGAC 
A c c I GTAGAC 

Ac c I GTCTAC 
A c c I G T C T A C 

A c c I GTCTAC 

Tthilll GACCACGTC 
TthlUI GACCACGTC 

TthlUI GACGTGGTC 
Tr.hill ! GACGTGGTC 

5 ' -» 3 ' x*V 5» t> U7— tflSttfcfcl^T^S 

I <D^7 UZ-KK-fcitfDN A * U * 7— tf 1 Oi*V 
7 * U7— if^ffl? U7 -KW-*5 J; tf B s t # 0 y< 7- 

C A ) Ifffl T* * § c i/~ 7 x * — xi. 0 J: tf 
; ;i*-X2. 0 (*B'W:T>r5#>l4t) > T5DN 
A#<)*7 — if £> <£tf 0 2 9 D N A * »J ^ 7— if & ffiffl 

&igi$-f <£T£>3o 30 
[0 0 4 0] C £&3ft»»±. -a-iwicB^T 

set, as*afifc«tt)ijfjisgtt*+53'fc:fii« 

t'-<^Th?Ja ft 3 7 "Ctf £ft 4 2 "CAWS LHIfiT 40 
& 5 C ofco 

[0 0 4 1 ] ill i tcfci^r, *^©-*^i]A%-£n 

U x>K7irL/7-€Nc i I £ck9^iK£n53E?iJ 
C C G G G * 5 * *«£ Stfo §1 T !4««EWTf 36 5 > 

*7~if, rtf"**? * U*^ F 3 U >$*5<fctf a f* 
lSft+->^; U^-> F 3 U >KO££Tfc*5^T7 



#P*W 5-1 82 j 95 
14 

dCTP (cc s ) 

TTP (oc S ) 

TTP (cc'S) &=fctf 

dCTP (ocS) 

d A TP (oc S ) 

d G T P (oc S ) 

d A TP (ocS) &<fctf 

dGTP (ocS) 

TTP (oc S ) 

TTP (ocS) fc£tf 

dGTP (ocS) 

d C T P (oc S ) 

d C T P (ccS) feitf 

d ATP (oc S ) 
*t±BaBffi5>J«BoT#fi£fiJtSnSo xy F 7 U7 
— if N c i I ©fpSTKS^T, 7°7 4 v-flli C - G 

7— iftStt*^ < * 'J * 7— tfOSftTfcfc^T, 3 ' 
5fc*S<Dx-y *fr6#S£j«i**i, 77 Y v-«l©~Fiffi 
li , x -y » & «J* S & W(tf & c i: t £ t) , 

* 1/7— tfKifJffiftStl, ZLTXVtv—VtfZfD 

[oo4 2] i2!t z-DtD-fyj-r-zmmtzmw 
mmmmi (sda) tifLfttc?*?. is-spi 

tt, M^^tlftS' *3cfctf3' 5K**^-T««WDNA 

wtit)) o »ifi«, z'^>-^mmmm (t, 

fc'JctfTO fi, ii*JC#ffi-TSS D AKIfK- (P,43<fctf 
P 2 ) ftiftiCSttSo PifeJ;tf P.CD5' ?StBgP 

5t« - ^ y >tw%<owmie$te'S®o p . t . & «t tf p 

/ T ; £f)gIM©-fl(0l$^f;Htt5itJ6!c, DN 
A U j< 7— tf{±, 3 "-HDl!»2nT^ft^-r^->-'7 
7 F 3 V >mt I •O0>&m*Mt ; r**i'JL 7 U 

jj-*> f 3 0 ymz®m lt, r*i«£D 3 ■ Ma%mm£ 
m 5, x y * > mmz-fitf x s nfcewE 
?ij©*fsis©77-i' v--t^cx-y ^*A,n, ®mzntc 
mm*%£%$t%mt a dna*u^7— em, p. 

±©X-y^7£D3' *«S*^fffi-&J«L, T ? 
«ffl5&T8fW)g(%S&-f3o WatLT, P« T«±©x 
■y ^A^©#S-&^t«t; 0 , T, fcfflfigWt^ffi&Tiffi 
©IH^SSi 2 Mo- •>' * > ^* «t tf 
fi> »^CP, T,fcj;tf P 2 Ti±t?lf •jjg*n«* t , 
?niir. -y ^^6©BJII^J«3b<x -y i'^AnS fti6©B 

fcStf, *n»i Pi T,^6«^$nft0I^P 2 cOfci6cD 
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mm t trim u p • t * z mm z n^m p . o/s 

iiiH^xilTT-SHiirOTfc^^M^ns. $]xJ4\ i o 

S fctt+M'*/l/K:J:S (2 20 - i 0 6 ) o t>XDNA 
*4: r >f-fe >' X D N A ftUAMl t *fllic £ 0 K9J S ft 

[00 4 3] S D A fctefflf 5 C t <fc 0 , tSSE?!J^ 
£Ofe*i)©-*JBD N A ^P-7Sfctt-*»D N A 7 

l (0 1) $ fc&4 2ocD77-fv~ (El 

§if^, -#cD77-f v-#J&ffi#<D«}c& UT»Wfc 

[oo4 4] =t LT®mznrc®mmv>&-&&. $<<d 

%®®m®mm^rdm? * is*-?- mmzs 
z/ vi->\,%m2>mmic t tz j \z v y t * 
[oo4 5] *w®<onmic}s^Tm%&i&mi.. % 

MZ&m t L & ic * $ t=' «fc tf ^-4»!b» & ft 5 o 

ill (Wittf, 7*U^x>7A/U = *-{zyx) fiy'^n 
- >ft s n/c K i—y a v 7 y -b-f *£tr„ ^-fc* 

7/U* '7 * X 7 7 £-~t?:|3 <fc 0^- £ - 7 h i/ ¥~ 

y] ) , ^ = ;U = *^7fc4;i>VW:*;b5*-t:y7.;& 
£ «y„ '7 # y - A $ fc a teogtftt? SJftftffl fc J: tfffi 

fclS^TS 5 *\ * fe fi V 7"^ -£0 '7 F fc cfc 9 1?. 
fi2 ft 5 5 U -fe 7# -c0#ffiTt fci/ mi&8t¥B*£ 

[oo4 6] «TcoHffi^j«, cctiaa*nfc*56w 
oits (D!B«*flfii^-r § „ a mm tc a ^ ?, ^ % t *s o , 

[0 0 4 7] 50 



#B3¥ 5 - 19 2 19 5 
16 

[^SS^J] 

[0 0 4 8] 

ZtztblC, F o k T iiPPSPg^^ffl Lfc S D A^t^f 
7-/^4 F/UXisXT AXtt3 8 0 B»B*«tlf 

CPG*"7A (^oyf7^7*7h'J-Xtt, 

;l- h , C A ) Srfjgffi IT, 2 0<D7^ 4 V L 

fc 0 7 y K^7>^-^7AffiicJ; OKfiffU ^ 

[0 0 4 9] 0. 0 5mg/m! tilDNA, 50m 
MBftAU^A, 1 0mMiStiY^i")A> 1 mM 
DTT> 12. 5mM TRIS (pH7. 9) fC<t 
0 , 2 5 TJC&I^T, 77X5 K p B R 3 2 2 (^- 'J 
y^i'A-j'Att (Boerhinger Mann 
helm), -<y-r47-fm7^ I N) L 
fco 1 fi g <D±mm D N A ^ t S ftlco p B R 3 2 
2 £#ts 2 0 fi 1 1 0 n.- 7 h (D F o k I 

(.-a — fyy^y F/W*77Xti (N e w En g 
land Bioiabs), Beverly, MA) 
£fflt^T 3 7 tMcfc^T 3 ^FfafBfb Lfc„ p B R 3 2 2 
/~kMW D N A CD F o k 1 fl^fcflUfc 12.5 mMt^* 
U 7 A, i0mMSf$?n>"7A 1 mM DTT, 
2 5 "CCD I 2. 5mM TRIS (pH7. 9), 10 
0 p g/m I B S A.. ZftZ'tlQ. 3 mMCDd A T 
P, d G T P , TTP, dCTP (ocS) (77/!/7'7 
7tt, if7A^7x-^ NJ) lfiMCD^n 
?ti<D77y-?-~t,c£ K> l 0 0 ft I tflMRLfc. 4 
>y hCDDNA^'jy.-5-4f I CD5' ->3' X+75?^U 

7-^.%m^vj~n)n (*H/w^-75*;i/?±, yu 

-77> F, OH) to'J;ri4 8--X- >y hcDN c i 1 (X 
a — < yfyy ¥>H t'y'fXft. (N e w E n g 1 a 
n d Biolabs)) Srf&jbilbT, FcDMP- 
^4 5Ttfc^T4» Ilffiiif^fto ^-cD 
■fe y F eDKHtt, ^tt^cDWi: it, t° U y 7— tf*5 
cttfNc i I *^*n*-f leEJSStffco 
[0050] EJ6a£**«itii-rsfcftt, p b r 3 2 2 
{c#swft^tb7a-7*, mmm*wmL, 

y -tf*fflt^T s P-PHHUfco **** 

Ot*tg||CD Fok 1 / p B R 3 2 2 /^cflBgi D N A ISP 
CD 1 0 /i I 7 '7 3- h£, 2 ji \ Q-) 1 . 8 n M 32 Pfl 
is7n-7, 0 . 5 3. - <y h/fi 1 CD T a q D N A # 
'jy^-4f (*H/U*^5*7^i) fc^bfco ISS 

^95 wcfes^T 2^H, 5 o "ctcfon^T 5 jfmhum 

fe£D^Sf4 , 4 3 $ fc !4 6 0 7 7 Utf 7" F cDfi ?^\cD, 
32 P «HS^Hi7'a-7cD#fi^tc <fc ») tifco * 
ififSCD Fok I/pBR322tt4077 Ujj'f - F-^cD 



(10) 



17 



18 



19 2 19 5 



[0 0 5 1 ] 



# p B R 3 2 2jj£ 

3 x 1 o 8 
3X1 0 7 
3 X 1 0 f ' 
3 X 1 0 s 
0 



] 



(±5 0 c prn) 
5 2 9 0 0 
18 2 0 0 
5 6 9 0 
2 9 8 
3 7 



(± 5 0 c pm) 
2 1 5 
2 4 
2 1 

U 

N D 



g 1 fjJfMT- 1 5<fc9»C, 7 ! J 3 - V- (Dp BR 3 2 2 
DN AOatfifeW Ztmc i #fcfct><D£ , 7>'hS 

(C PM) t,J*'>TSo 

[0 0 5 2] 

[*SS$I 2 ] C <D?fcffi0!l B , D N A ffiJIJ 

«iLftsDAW5o -mmmmwm, mi 



n 20 



f)?k*<mLT, 3' -NH^t77Wt5i 

BB5>J#*§- 5 fc J: CfflMf 6 'J fco 
[0 0 5 3] E^*<DfttfJ<&fc«><D?'0-:/tt, jBU 
#€7T'35ofc 0 t"^TCD-&fiSffi$lJti, ±fE<D 7 -f 
*->XfAXtt3 8 0 BSSfci O^J&Sft, * 
LT 5 0 %K^^r#€r 1 0 % $ fete 1 5 %# 'J 7 £ 'j /l< 

[0 0 5 4] E5lj#5|- 4 £0. 3ii MOT^-fV- (Ip 
■6, EJiJ#^5l3J:tfE5»J#^6) tpieffy^ctir. 
«fe '0 , IT? 6 0 0, 0 0 0 

iliWStift. c<aft&ft*3#IHi*JlS-£, 3? 



30 



« M WI8£ 7 > t X >> A , 5 0 rn M ffif t ±! 'J T > A, 5 01- 
■y hCDH Incll, 5a-7 hOX*V? ^ U7— tf 

ImM DTT, 5mMffltV^->'JA 1 fciffftl 
-fft 3 0 0 /i M<D 5 ' d C T P, 5 ' d G T P, 5 ' d 
T T P*5<fctf 5 ' d AT P (oc S ) 0 tgigSfStt, 3 7 
"CSC&l^T 1 B$fSgjfc«2 8$IBfT-pfco -OiDjEJS-tr«y 
Mcli, 1 Bff^f 2 bic 5 On- <v htDH incl 15: 

[0 0 5 5] Rj£B£IH<D«7B*fc&S£ttfl!> IO/il7 
y^-t^tiicilLL d©l 0 ft 1 !c ° PT# 
N * ft tffr f ; «-/o-7© i ft m jgftn 

bft. Z.<OM%®Z3ftMmmU 3 7°Ct^U n 
B$}C 1 /i I 1 n^-y h0^> / --^x.7-"-7s2. 0 (*H 

a - 7tf fij£gftfc:*S'& LTl - 5 ft £ *5 ixfS/t 

•fi-^eKSiSfi 3 7°Cicfcv>T 1 S^^fT'jfco C<Djg^- 
9Wc, 5 0?/o^ti^OMWfer«*'^SiSi]DLfc 0 5 0 



%mm^ts\ o%^U727»;;U75 Ky;Mct»3*i) 

£DK/6®-a-%CD9*.©2. 5 ji I (Cffig? SttQKft* 



2) (2 5°C) , i 



2 OmM TRIS (pH7. [0 0 5 6] 

1 /*M0y7v-fV-ga?Lk 2 0m« 





i mm 


2P^ 


H 1 n c 






(c prn) 


(c p m) 




( c p m) 


0 


0 


0 


0 




2 0 0 0 


ND 


2 


S 




3 0 0 0 


4 


1 2 


3 6 




3 0, 0 0 0 


3 7 


7 8 


I 2 9 




12 5, 0 0 0 


1 7 5 


J 9 6 


7 4 6 
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5 0 0,000 824 1 

m 2 *#sar & t , m^mmmm o& 530000 to 

HI* S D Atflio* U til 9 C fctf 8W¥?*5o 
[0 0 5 7] 

[^MH3] L^IIKt S DAfflfcF o k f $IJI9^ 
f fcftfcffiffi ITv^o «T*>75 ^ V-E?Jtfffiffl £ n 
re : i?JiJS-§- 8 te J: tf E5U#^ 9 0 

[0 0 5 8] cftSQEJWi, ffi^SSffllOcfc-5t4filc 
Sn, F p B R 3 2 2 rt^wwEMSfcttrrs 

[0 0 5 9] 1 u g<Dp B R 3 2 2 8ax«yF£)F 
okTKcfct), 3 7t;Cfel/^T2^ra?BfkU LT 
0,05 mg/m I <Ot: KfeliD N A<DH p h I tM: 
ft> 5 0mM3Mt*»J#A, 2 OmMKSZ^ 1 ? 
A, 1 mM D T T&cfctf 2 0 mM T R 1 S (25 "CK 
fe^TpH7. 2) tdcfc^a^^^LfCo 0. 5u 
g<Dt hfl&»DNA*J:tf2SSrS&ll<0p BR 3 2 2 
1 0 /i I £>Hft«\ 5 0 rnM^ftT; U ^ 5 m 

M D T T fcitf 2 0 mM T R I S C 2 5 TXft^T 
pH 7. 2), 1 0 0 /x g/m 1 BSA, fnfn 
0. 1 m M £> d GTP S TTP, dCTP (77/i/7>/ 
7ti) . 0. 5 mM<?3d ATP (ocS) (77/^y7 
?±) fccfcc/O. 1 /iM^7°n-7(ri;5 1 0 0/i Uc* 



(11) t?if 5~1 9 2 19 5 

20 

8 5 8 2 6 6 5 

3 [ x+y?^U7-— tf^ffl^uy-Brfrfccttf 5 on. 

h<OH i n c I I£SAnLT, l*yh£>H$*3 
9TCK*5^T3. aHftSiB«?*fco 
•fey KOttftB, **t«©«*fcbT, #y*7--tf» 
£tfH i n c I I fcStotff'KKJSS'efco 
[0 0 6 0] KJE***«fflfS/!:«>fc, EM*^7* 
&OpBR 3 2 2*ai^-rv-* M PTSWLT^ffl 
10 Lfeo *8W3«fctfifciiiH<D F o k I / p B R 3 2 2 /fc 
hBMIDNf AKS^l 0;i 1 7U3-h*. 2 /i i <D 1 
M M 32 PWrnm-fysf^-tMSL, rLT9 5°C 

2 . 0 €:iSiP U Kft* 3 7 "CKfc^T 5 

LT^Scl 0%*U7^U;U7 2Hy;U«SiafttTiac 

ij l/co mmM&m^oy^M, 5 4 $fcn 75^7 u 

££^ffi?n/c 0 *Wi<DF o k I/pBR 3 2 2tt 
20 5 0?^ u.^f F^ffft^fiKlc J: 0 ^Jtifc, '* P S 
«^ y FtfXKUjcftfci; , ia^^y^^)^ / F^> F 

i;DS«?n/co e»*a3ic^'ro 

[0 0 6 1 ] 

^3 



pBR 3 2 2 7 r>^ 








(± 1 0 c pm) 


(± 1 0 c p m) 


i o <; 


N D 


19 6 3 


i o* 


N D 


2 5 7 


i o 7 


N D 


N D 


i o ,: 


1 3 5 4 0 8 


ND 


i o : ' 


13 8 4 1 


ND 


1 o ! 


2 3 2 4 


ND 


1 (f 


3 8 0 


ND 


0 


13 9* 


ND 



*pBR 3 2 2 L&A^fcitillgfcfi, 
SUC<fc2> p BR 3 2 2 (DiiXti aWHBfc^RW4 
MVK (5 4 v-fca;tf7 5 V-) ^flfrlCttifco 40 
[0 0 6 2] 1 o'feiO"! 0*(DpBR322 SH^ffl 

i^T«WB*na*^ft»^<otWi:> i o 4 35itf i o' 

Op B R 3 2 2 5H^ffl^T^1SSnfdI^!ffit<a 

S-«ffi«ffl.5Ei:x^-lF>'7 * M"-> F 3 U >»0«fi% 
HSFT * c t !c j; ip . ifM6#i£tf$&£ Met tffcfr 

ctt/dATP (ocS) : d G T P CD^tf 5 : KDtt 

[0 0 6 3] *SMBW\ *#5£<0&»{C|» LTlH^^tlfc 50 



ct g rt -ess a** a*, aft* j: 

[0 0 6 4] *Wffl»t45V^T5lffl?nftTiJfT«l*J«J:t/ 
To r"<Tfl)TiJfirtt*«J:tWflFtlllHt4, 3lfflK«t»)*?l 
[0 0 6 5] W^^coffig $ fc \t g 5.HnS c £ ft 

[0 0 6 6] 



(12) WSJ 3 ? 5- 1 9 2 ! 9 5 

21 22 

EJiJflQftS : 3 9 *lffiW0«M» 

m\<om ■ mk insure 

ll^a : #ffit4S : 1 . . 3 9 

h $ a : jtffttf f#€t £&5t U IfH '& : E 

e^ms : m<Dmm mdna * 

TCATTTCTTA CTTTACCGGG AAAAATCACT CAGGGTCAA 39 

mm^ ■ 2 * 0b?ij<d«is : ftxomm mdna 
e?M2 : 4 o 

mwm : mm 10 ft«*#rje*# : u n s u r e 

mo®. ■• -*» ^ftiuH : 1. . 4 0 

h 4? p : fiHtf * L fc7? -ffi : E 

TCATTTCTTA CTTTACCGGG ACCCTCTGGA ACACCTACAT 40 

mf-im- : 3 ir mwnmm ■ ®<om® &j?kd n a 

BWOfi* : i 9 WH<rffi$L 

WW>m : W&^Uttm ■ u n s u r e 

mom : -*» : 1 . . 1 9 

h # d v>- ; jgffltf ★ L ft £r£ : E 
E?l! 

CCAGCGCTTC GTTAATACA 19 

mim ■■ 4 ismnnmm ■■ momm b-^dn a 

E?ij©K? "• 6 2 E9J<D1#® 

&\(Om : til^S-rgcf : u n s u r e 

mm : -*« #t±fifi: i. . 62 

h tfn i>'- : jggtf * Lfc#i£ : E £81 

ACCCTCTGGA ACACCTACAT CTGTATTAAC GAAGCGCTGG CATTGACCCT GAGTGATTTT 60 

TC 62 

m$m% ■ 5 ♦E?'j<Offl« : ffioa^ &JSDNA 

E?iJtOfi* : 3 3 30 E^JCO^M 

rajas : mm wmzmTM^ ■■ u n s u r e 

$j<7)${ : #£&R : 1. . 33 

h $ n i>- : iMMZK ♦ L fc#B : £ 

GGATATTTAT TGTTGACTTA CCCTGTGGAA CAC 33 

EW#f| : 6 * £900*1$ : fl!W)8St -^fiScD N A 

E?y©5$ : 3 5 mmtDmm 

mwm ■■ mm mwntmtm ■ u n sure 

: -*« mm : 1 . . 3 5 

h # p > ; - : tttttt * 40 W&.&tkfe LTcfifk : E 
E?U 

GGAATAATAA TATGTTGACT TGAAAAATCA CTCAG 35 

E?US€ : 7 * EaiOWH : D N A 

: 2 0 E?IJ01$» 

E9iJ<D§y : #?t£3my§ : u n s u r e 

: -*« ffSffiS : ) . . 2 0 

h * n s/- : ftfttt * #mfci*5E t fc^ffi : E 

ACATCTGTAT TAACGAAGCG 20 

E?!i#^ : 8 50 E?ij£>fi* : 4 1 



23 



(13) m»W5~- 19 2 19 5 

24 

Wmmm^ '-unsure 

m±&w ■ i . . 41 

* m^l/cM : E 



fi5n©n : ms. 
mm • -*» 

TTGAACTAAC CGACTATTGT TGACTACCCT GTGGAACACC T 41 

m$m% ■ 9 3KE?!|fl!>HHH : ffi<D«« nb% D N A 

E5>JE>ft2 : 4 3 E5»I©WSI 

K?)j£0§y : :unsure 

iJ<D$< : -*§J io iWfftfi : 1 • . 4 3 

TTGAATAGTC GGTTACTTGT TGACTCAGAG AAAAATCACT CAG 43 

CHB!OlB*4WW] ★ [0 2] mz tt, *JS«fie*tt*.Z*Iiy/ 5 w * D N 



■ OC-G-G-G 



af/fdCTP, d ATP, dGTP, 



TTP^l^ftlg 



•G-G-CsCsCs- 



«OC G-G-G-- 
•G-G-CsCsCs- 



sC-C"G~G-G-« 
•G-G-CsCsCs- 



\ 



N c i I %m^t=-—v 7 



